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1. Introduction
Although prevalence rates vary greatly by culture and com-
munities within cultures (Cantrell et al., 2005; Henderson et al., 
2005; Spear et al., 2005), Indigenous (North American Indians, 
Alaska Natives and Canadian First Nations people) adults on av-
erage have higher rates of cigarette smoking than any other eth-
nic group (CDC, MMWR, 1999). The same is true for Indigenous 
adolescents aged 12–17 years. Their 30-day prevalence of cigarette 
smoking (23.1%) is higher than their European American (14.9%), 
African American (6.5%), Latino, (9.3%) or Asian (4.2%) counter-
parts (CDC, MMWR, 2006). Such high rates of cigarette smoking 
are a major public health concern. Lung cancer is the leading cause 
of death among Indigenous people aged 55 years and older (CDC, 
2003). Cigarette smoking also contributes to higher risk for car-
diovascular disease among Indigenous adults compared to non-
Indigenous adults (Harwell et al., 2001; Rhodes, 2005). Incidence 
rates for coronary heart disease among U.S. Indigenous adults are 
twice those of non-Indigenous adults reported in the Atheroscle-
rosis Risk in Communities Study (Howard et al., 1999).
Risk for nicotine dependence occurs early and progresses rap-
idly. General population studies indicate that smoking rates climb 
most rapidly from middle school to high school (Eichner et al., 
2005). In a diagnostic study of Indigenous adolescents, DSM-IV 
nicotine dependence increased from 1.7% at age 10–12 years to 
9.6% at ages 13–15 years (Whitbeck, Yu, Johnson, Hoyt, & Walls, 
2008). Given early onset and high lifetime prevalence rates of cig-
arette smoking among Indigenous people, we know surprisingly 
little about its etiology among Indigenous children and adoles-
cents. This report presents findings from the first three waves of a 
longitudinal study of Indigenous adolescents in the northern Mid-
west. We employed two-level growth curve modeling to investi-
gate the relationship between early onset cigarette smoking and 
depressive symptoms among early adolescents aged 10–12 years 
at Wave 1 and 13–15 years at Wave 3.
1.1. Depressive symptoms and cigarette smoking
There is convincing evidence that cigarette smoking and de-
pressive symptoms co-occur. Comorbidity rates for smoking and 
depression range from 31%–60% (Borrelli et al., 1996; Breslau et 
al., 1991; Glassman et al., 1990). Most of the studies linking ciga-
rette smoking to depression, however, have been cross-sectional, 
begging the question of the direction of the relationship (Acierno 
et al., 2000; Anda et al., 1990; Escobedo et al., 1996; Glassman et 
al., 1990; Nezami et al., 2005; Weiss et al., 2005) and findings from 
prospective studies have been mixed regarding the direction of ef-
fects. For example, Munafo and colleagues reported that the level 
of depressed mood predicted progression to smoking initiation 
but depressed mood predicted progression from initiation to reg-
ular smoking only for female adolescents (Munafò et al., 2007). 
In a six-wave cohort study, Patton and associates found that de-
pressive symptoms increased the likelihood of smoking only in 
the presence of peer smoking (Patton et al., 1998). Based on a 21-
year longitudinal study, Fergusson and colleagues found a ro-
bust association for depression and smoking even after control-
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ling for potential confounding variables. However, because risk 
factors for both so overlapped, the authors felt they could not 
confidently conclude causality. Still another longitudinal study 
based on the National Longitudinal Study of Adolescent Health 
(Add Health) concluded the relationship was bidirectional (Need-
ham, 2007). Goodman and Capitman (2000), again using the Add 
Health waves 1 and 2, concluded that early depressive symptoms 
did not lead to cigarette smoking, rather that current cigarette use 
predicted depressive symptoms.
1.2. Gender, depressive symptoms and cigarette smoking
Several studies have reported that the effects of depressive 
symptoms on smoking or the transition to regular smoking were 
stronger for adolescent girls than for boys (Acierno et al., 2000; 
Munafò et al., 2007; Needham, 2007). Kubik and colleagues re-
ported that female adolescents with elevated depressive symp-
toms were three times more likely to report cigarette smoking in 
the past 30 days than those with lower or no depressive symp-
toms (Kubik, Lytle, Birnbaum, Murray, & Perry, 2003). Further-
more, there is evidence that adolescent females with elevated sub-
syndromal depressive symptoms who did not meet criteria for 
major depressive disorder started smoking earlier, were less mo-
tivated to quit smoking, and were more prone to experience fre-
quent elevations in depressive symptoms (Borrelli et al., 1999; Bor-
relli et al., 1996).
1.3. Depressive symptoms among Indigenous adolescents
There have been several studies of depressive symptoms 
among Indigenous adults and adolescents that investigate the va-
lidity of symptom measures such as the CES-D (Beals et al., 1991; 
Somervell et al., 1993; Thrane et al., 2004) and address cultural 
variations in the expression of depressive symptoms (Beals et al., 
2005; Manson, 1994; O’Nell, 1996). Symptoms studies indicate that 
the factor structure of the CES-D differs slightly from that for non-
Indigenous adolescents but that the measure is highly reliable 
(Beals et al., 1991; Dick et al., 1994; Radloff, 1991). Beals and col-
leagues reported a mean CES-D score of 16.2 for a sample of In-
digenous college students with 45% of the sample above the cut-
off score of 16 and 13.3% above the more stringent cut-off of 28, 
the 95th percentile in Radloff’s work (Beals et al., 1991; Radloff, 
1991). Manson and colleagues reported an average CES-D score 
of 19.4 among Indigenous boarding high school students. These 
are higher average scores than those reported in non-Indigenous 
samples. In the only recent diagnostic study of Indigenous adoles-
cents Whitbeck and colleagues found that the rates of mood disor-
ders were similar to those of adolescents in the general population 
(Whitbeck et al., 2008).
1.4. Hypotheses
This array of findings indicates that the relationship between 
cigarette smoking and depressive symptoms is very complex. 
Although the preponderance of evidence suggests that depres-
sive symptoms, gender, and cigarette smoking are linked, we do 
not yet understand the specific mechanisms at work or the direc-
tion of the relationships. For example, it is possible that cigarette 
smoking emerges in response to depressive symptoms due to nic-
otine’s presumed antidepressant effects (Kubik et al., 2003) or, 
conversely, smoking may begin as non-conventional behavior in 
adolescence as part of problem behavior syndrome (Donovan and 
Jessor, 1985; Jessor and Jessor, 1977) and depressive symptoms 
may emerge later in response to the consequences of maladaptive 
behaviors. Moreover, we have little information on how the rela-
tionship between depression and cigarette smoking may vary by 
culture. Rates of cigarette smoking are very high in some Indige-
nous cultures. It may well be that when smoking is so normative 
in some cultures that there is no link with depressive symptoms.
In this study we investigated potential relationships between 
depressive symptoms and the early onset of cigarette smoking 
among Indigenous adolescents. An advantage of this study is that 
we begin at an age level where both smoking behavior and de-
pressive symptoms are apt to be low. Depressive symptoms tend 
to emerge with the onset of puberty, particularly among girls and 
increase through mid- and late adolescence. For example, adoles-
cents aged 16–17 years were more than twice as likely to meet cri-
teria for major depressive episode (12.3%) than those aged 12–
13 years (5.4%) (SAMHSA, 2005). Smoking behavior emerges 
concurrently with this age-related increase in depressive symp-
toms during the middle school and high school years (Eichner et 
al., 2005).
Following the findings of Borelli and others pertaining to Eu-
ropean adolescents, we hypothesized that depressive symptoms 
would be positively associated with the onset of cigarette smok-
ing among Indigenous adolescents (Borrelli et al., 1996, 1999). We 
also predicted gender differences in the emergence of depressive 
symptoms and cigarette use. There is convincing research show-
ing that adolescent girls manifest higher levels of depressive 
symptoms than adolescent boys (see Angold & Costello, 2001 for 
a review). Based on these findings and evidence regarding gen-
der differences in the effects of depressive symptoms on smok-
ing (Borrelli et al., 1996, 1999; Kubik et al., 2003), we hypothe-
sized that depressive symptoms would have greater effects on 
early cigarette smoking among Indigenous adolescent girls than 
among boys.
2. Method
2.1. Procedures
These data were collected as part of a lagged sequential study 
currently underway on four reservations in the Northern Mid-
west and four Canadian reserves that involves yearly interviews 
with the adolescent and at least one primary caretaker. The data 
are from Waves 1 (ages 10–13 years), 2, and 3 of the study. The 
data were collected on two U.S. reservations and one Canadian re-
serve from February through October, 2002 and from a closely re-
lated study on two U.S. reservations and three remote Canadian 
reserves February through October 2003. There was a one year lag 
between study sites for all of the waves. A total of four U.S. reser-
vations and four Canadian reserves participated in the study.
The reservations/reserves in this sample range from more af-
fluent U.S. casino reservations to remote Canadian reserves mak-
ing it representative of one the most populous indigenous cultures 
in the United States and Canada. Three of the Canadian Reserves 
are classified as “remote” in that they are considerable distances 
from even small towns and are accessed by non-paved roads. 
The reserves and reservations share a common cultural tradition 
and language with minor regional variations in dialects. The long 
range purpose of the longitudinal study is to identify culturally 
specific resilience and risk factors that affect children’s well-being 
and to then use the information to guide the development of cul-
turally-based interventions.
The project was designed in partnership with the participating 
reservations and reserves. Prior to the application funding, the re-
search team was invited to work on these reservations, and tribal 
resolutions were obtained. As part of our agreement to work to-
gether, the researchers promised that participating reservations 
would be kept confidential in published reports. On each partici-
pating reservation, an advisory board was appointed by the tribal 
council. The advisory boards were responsible for advising re-
garding difficult personnel problems, questionnaire development, 
and assuring that published reports were respectful and protected 
the identity of the respondents and the culture. Upon advisory 
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board consensus of the questionnaires, the study procedures and 
questionnaires were submitted for review by the university Insti-
tutional Review Board for approval.
All of the interviewers on the reservations/reserves were ap-
proved by the advisory board and were either tribal members or, 
in a very few cases (three or four out of approximately 45 inter-
viewers), non-members who are spouses of tribal members. Each 
reservation/reserve had a local Indigenous full time interviewer 
supervisor who coordinated visits and provided quality control, 
including first edits. To ensure quality of data collection, all the 
interviewers underwent special training for conducting computer 
assisted personal interviews. The training took place onsite over 
a period of three days and included practice interviews and feed-
back sessions regarding interview quality. Prior to each wave of 
data collection each interviewer submitted interviews for feed-
back. By Wave 3 of the study we had a core group of highly ex-
perienced local supervisors and interviewers who were very 
comfortable with personal interviewing. All of the interviewers 
completed annual questionnaire trainings including required hu-
man subjects protection certification that emphasized the impor-
tance of confidentiality and taught procedures to maintain the 
confidentiality of data.
2.2. Sample
At Wave 1, each tribe provided a list of families of enrolled 
children aged 10–12 years who lived on or proximate to (within 
50 miles) the reservation or reserve. We attempted to contact all 
families with a target child within the specified age range. Fam-
ilies were recruited with a personal visit by an Indigenous inter-
viewer at which time the project was explained to them. They 
were then presented with a traditional gift and invited to partic-
ipate. If they agreed to be interviewed, each family member re-
ceived $40 for their time when the interviews were completed. 
The recruitment procedure resulted in an overall response rate of 
79.4%. For as intrusive a design as this, we believe the response 
rate was very respectable. However, the most dysfunctional and 
substance abusing families were likely to refuse which may lend a 
conservative bias to our findings.
During the three years between Waves 1 and 3, the sample was 
reduced from 743 to 694 adolescents. The annual retention rates 
have been very high, ranging from 93%–100% with 93% overall re-
tention from Wave 1 to Wave 3. Of those who left the study, 3.4% 
of the attrition was due to refusal to participate. Other reasons for 
attrition included the death of the study adolescent (2 individuals) 
and loss of contact with the family (25 families). There were no 
statistically significant differences in depressive symptoms or cig-
arette smoking between those who left the study and those who 
remained in the study for all three waves.
2.3. Measures
2.3.1. Cigarette smoking
Adolescent cigarette smoking was measured at each time 
point using a five point scale. Youth were asked if they had ever 
smoked cigarettes. If youth reported ever smoking, they were 
asked if they had smoked in the past 12 months. If they reported 
they had smoked in the past year, youths were asked how often 
in the past 12 months they smoked. Responses to these questions 
were combined into a five-point scale assessing the intensity of 
adolescent cigarette smoking (“no smoking = 0”, “less than once 
a month = 1,” “once a month = 2,” “every week = 3,” and “nearly 
every day = 4”).
Depressive symptoms were assessed with the Center for Epide-
miologic Studies — Depression Scale (CES-D, Radloff, 1977, 1991), 
a 20-item self-report scale used to evaluate past week levels of de-
pressive symptoms. It has been used extensively with Indigenous 
adolescents (Beals et al., 1991; Manson et al., 1990; Thrane et al., 
2004). Response categories are a four-point scale: 0 days, 1–2 days, 
3–4 days, 5–7 days. Responses to the 20 items were summed. The 
scoring of positive items was reversed. The possible range of 
scores is 0 to 60, with the higher scores indicating more depressive 
symptomology. Cronbach’s alpha coefficient was 0.85 at baseline 
and 0.87 at the two follow-up waves in this study.
2.4. Data analysis
Growth curve modeling was used to examine the effect of de-
pressive symptoms on early cigarette smoking across the three 
waves of data, specifically to test the effects of progression of de-
pressive symptoms on change in cigarette smoking and whether 
these effects differed by gender. The growth curve model was 
used to investigate Level 1 (within person) change in cigarette 
use over time and Level 2 (between person) effects of depressive 
symptoms and gender on the slope of cigarette use over time. All 
of the analyses were conducted using SAS PROC MIXED full max-
imum likelihood method. Goodness of fit indices applied to the 
entire model for both fixed and random effects (SAS Institute Inc., 
2006; Singer, 1998). The procedure assumes that data are miss-
ing at random, handles between and within subject effects simi-
larly, and allows covariates to vary within a subject (Wolfinger & 
Chang, 1995). Unstructured covariance matrix on the REPEATED 
statement was employed to tell SAS to not impose any structure 
on the variance covariance matrix for the level-2 residuals (Singer 
& Willett, 2003). We utilized common fit indices to evaluate the 
models, including the Akaike’s Information Criterion (AIC) and 
the Bayesian Information Criteria (Akaike, 1974; Schwarz, 1978). 
Residual assumptions such as normality and equal variances were 
checked after the model was fit to the data.
3. Results
3.1. Bivariate patterns of adolescent cigarette use and depressive symp-
toms by gender
Past month cigarette smoking increased across time from 12% 
of the adolescents smoking cigarettes at Wave 1 to 32% at Wave 
3 (Fig. 1). At baseline, both males and females reported similar 
rates of cigarette use (11% vs. 14%, respectively) but by Wave 3, a 
clear gender pattern emerged where the number of female smok-
ers (39%) increased more rapidly than the number of male smok-
ers (25%).
For the total sample, there was little change in mean depres-
sive symptoms scores across time (12.6 at Wave 1, 12.7 at Wave 2, 
Figure 1. Patterns of change in cigarette use.
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13.4 at Wave 3). Mean depression scores were not significantly dif-
ferent for male and female adolescents. Female depressive symp-
toms scores increased across time (13.1 at Wave 1, 13.6 at Wave 2, 
and 14.9 at Wave 3) while those for males remained relatively sta-
ble (12.0 at Wave 1, 11.8 at Wave 2, and 11.9 at Wave 3).
To investigate how depressive symptoms co-occurred with 
cigarette smoking, we dichotomized depressive symptoms into 
depressed (> 16) and non-depressed (< 16) categories (McDowell, 
& Newell, 1996) and plotted the mean scores of cigarette smok-
ing by gender and depressive symptoms (Fig. 2). Adolescents who 
scored above the 16 point cutoff reported higher levels of cigarette 
use than those who were not depressed regardless of gender. De-
pressed females reported significantly higher rates of cigarette 
use compared to depressed males at Wave 3 (p = .003). There was 
no statistically significant difference in smoking between non-de-
pressed males and females.
3.2. Gender difference in the effect of growth in depressive symptoms on 
cigarette use
We used two-stage growth models for a multivariate analysis 
of the descriptive findings, Table 1 presents the results from un-
conditional and conditional individual growth models. The un-
conditioned means model without any predictors (Model 1) serves 
for model comparison where the average score on cigarette smok-
ing is less than once a month (γ00 = 0.49, p < .001).
Yij = γ00 + μ0j + rij                                              (1)
Model 2 is an unconditional individual growth model includ-
ing only the main effect of time. The model indicated that the av-
erage of adolescents’ cigarette smoking began with a score of 0.08 
(γ10 = 0.08), on average (essentially no cigarette use) and the esti-
mate of the average slope of cigarette use gained 0.29 per Wave 
(γ10 = 0.29, p < .001).). The average increase in cigarette smoking 
was statistically significant for both males and females.
Yij = γ00 + γ10(Time)ij + μ0j + μ1j(Time)ij + rij                        (2) 
Model 3 added the main effect of gender and the gender and 
time interaction term. After controlling for the main effects of 
both time and gender, there was a positive interaction between 
gender and time in predicting growth in adolescent cigarette use 
(γ11 = .24, p < .001). The findings indicated that the slope of change 
in cigarette smoking among female adolescents was steeper than 
Figure 2. Depression and mean cigarette use by gender.
Table 1. Fixed and random effects from individual growth models 
predicting adolescent cigarette use
                                                                                Parameter estimate (SE)
Model  1 2 3 4 5
Fixed effects
Intercepts .49*** − .08 .04 − .24** − .15
 − (.03) (.04) (.06) (.08) (.08)
Time  .29*** .18*** .16*** .09
  (.02) (.04) (.04) (.05)
Female   − .24**  − .21*
   (.08)  (.08)
Time × Female   .24***  .19***
   (.05)  (.05)
Depressive symptoms    .01** .02**
    (.01) (.01)
Time × Depressive symptoms    .01*** .01**
    (.00) (.00)
Random effects
Level 1: Within-person (Residual) .78*** .47*** .47*** .46*** .46***
 (.03) (.02) (.02) (.02) (.02)
Level 2: Initial status .50*** .18* .16* .13 .12
 (.04) (.09) (.09) (.09) (.09)
Level 2: Rate of change (Slope)  .22*** .20*** .20*** .19***
  (.03) (.03) (.03) (.03)
Level 2: Covariance  − .10* − .09* − .10* − .09*
  (.04) (.04) (.04) (.04)
Goodness of fit
− 2 log-likelihood (Deviance) 6293 5797 5769 5649 5632
Akaike Information Criterion (AIC) 6299 5809 5785 5665 5652
Bayesian Information Criterion (BIC) 6313 5837 5822 5702 5698
* p < .05 ; ** p < .01 ; *** p < .001
Table 2. Fixed and random effects from individual growth models 
predicting adolescent cigarette use by gender
  Parameter estimate (SE)
                                                               Females         Males
Model  1a 2a 3a 1b 2b 3b
Fixed effects
Intercepts .60*** − .21*** − .36*** .39*** .04 − .20
 (.05) (.06) (.11) (.04) (.06) (.11)
Time  .42*** .25***  .18*** .14*
  (.04) (.06)  (.02) (.06)
Female   .02*   .02*
   (.01)   (.01)
Time × Female   .01*   .00
   (.00)   (.00)
Random effects
Level 1: Within-person (Residual) .96*** .51*** .50*** .60*** .43*** 
.41***
 (.05) (.04) (.03) (.03) (.03) (.03)
Level 2: Initial status .55*** .06 .00 .43*** .23* .23*
 (.07) (.13) (.00) (.05) (.12) (.12)
Level 2: Rate of change (Slope)  .28*** .25***  .13*** .14***
  (.04) (.03)  (.03) (.03)
Level 2: Covariance  − .09 − .09***  − .07 − .08
  (.07) (.03)  (.05) (.05)
Goodness of fit
− 2 log-likelihood (Deviance) 3331 2974 2885 2897 2766 2718
Akaike Information 3337 2986 2899 2903 2778 2734 
     Criterion (AIC)
Bayesian Information 3349 3010 2926 2915 2801 2765 
     Criterion (BIC)
* p < .05 ; ** p < .01 ; *** p < .001
in d i g en o us ad o les c e n ts’ de p r e s s i v e sY Mp to Ms, ge n d e r, an d ci g ar e tte sMo k i n g    425
the slope among male youths, consistent with descriptive patterns 
of cigarette use over time in Fig. 1.
                Yij = γ00 + γ10(Time)ij + γ01(Female)j 
+ γ11(Female)j  × (Time)ij + μ0j + μ1j(Time)ij + rij        (3)
Model 4 included an interaction term for time and depressive 
symptoms, as well as the main effects for depressive symptoms. 
As hypothesized, the change in depressive symptoms increased 
the likelihood of cigarette use across time (γ12 = .01, p = .001). The 
main effect of depressive symptoms on growth remained statisti-
cally significant (γ02 = .01, p = .005).
                 Yij = γ00 + γ10(Time)ij + γ02(CES-D)j 
+ γ12(CES-D)j  × (Time)ij + μ0j + μ1j(Time)ij + rij             (4)
Model 5 includes both gender and depressive symptoms and 
interactions with time to investigate their simultaneous effects on 
the slope of adolescent cigarette use. All predictors remained sig-
nificant, with the exception of the main effect of time (p = .07) on 
growth. Being female (γ01 = − .21, p = .01) and depressive symp-
toms (γ02 = .02, p = .002) independently predicted the rate of cig-
arette use. Furthermore, gender and depressive symptoms signifi-
cantly interacted with time, increasing the rate of cigarette use.
Yij = γ00 + γ10 (Time)ij + γ01(Female)j + γ11(Female)j × (Time)ij 
+ γ02(CES-D)j + γ12(CES-D)j × (Time)ij + μ0j + μ1j(Time)ij + rij   (5)
Based on the significant effect of gender on growth in cigarette use 
across time, we ran separate growth models by gender. As shown 
in Table 2, the main effect of depressive symptoms and time on 
growth in cigarette use was significant for male and female ad-
olescents. However, the interaction term for time and depressive 
symptoms was statistically significant only for female adolescents 
(p = .011).
4. Discussion and conclusions
These results are congruent with other findings showing that 
cigarette smoking increases dramatically among adolescents from 
early to mid-adolescence (Eichner et al., 2005). By Wave 3, 39% of 
the adolescent girls and 25% of the boys had smoked cigarettes 
in the past 12 months. Our results also support Borelli and col-
leagues findings in that depressive symptoms were associated 
with increased cigarette use among adolescent girls, but not boys 
(1999).
The rates of adolescent smoking in our study portend a heavy 
health care burden later in life. Given the likelihood that depres-
sive symptoms may recur later in adolescence and in adulthood 
(Dunn and Goodyer, 2006; Mueller et al., 1999) and emerging ev-
idence in human (Glassman et al., 1990; Salin-Pascual et al., 1996) 
and animal studies (Mineur et al., 2007; Suemaru et al., 2006) that 
nicotine may have antidepressant effects, young smokers who are 
depressed are likely to be life-long smokers. The association be-
tween depressive symptoms and cigarette smoking among indi-
viduals this young is particularly insidious in that there is evi-
dence that smokers with depressive symptoms smoke more and 
have more difficulty quitting smoking than smokers without de-
pressive symptoms (Borrelli et al., 1999).
The most important limitation of this study is that it is based 
on a single Indigenous culture and may not be generalizable 
across the diversity of North American Indigenous nations. Smok-
ing behaviors are highly likely to vary between and within Indig-
enous cultures. Furthermore, even though our data are from sev-
eral sites, they reflect the attitudes and behaviors of people who 
live on or near rural and remote reservations and reserves. The 
findings may not represent urban Indigenous people even from 
the same cultural background. Finally, although the CES-D has 
been widely used with Indigenous adolescents and adults, it is not 
clear that depressive symptoms are expressed similarly by Indige-
nous and non-Indigenous people (Manson et al., 1990).
These findings have implications for both prevention and treat-
ment of Indigenous adolescent nicotine use. First, as with all ad-
olescents cigarette use increases very quickly at relatively young 
ages. Prevention programs should take this into account and tar-
get children at ages before they begin experimenting with smok-
ing. Second, smoking cessation programs should be available for 
adolescent smokers and they should take into account the effects 
of depressive symptoms on smoking behaviors. Screening for de-
pressive symptoms should be included in cessation programs 
and depressed adolescents referred for simultaneous treatment. 
Finally, the gender effect was strong and persistent across time 
among Indigenous adolescents. Female-only prevention and ces-
sation programs may be more effective in reducing cigarette use 
among Indigenous adolescent girls. More research is needed that 
addresses specific mechanisms that account for early smoking 
among Indigenous adolescent girls and boys.
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